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Abstract 

LCA aims to help direct decisions in an environmentally sus¬ 
tainable direction. It indicates the environmental effects of choices 
and evaluates these against this background. Approaches to 
evaluation in LCA differ substantially, related to the way of 
modelling environmental effects and to the way these effects are 
combined into an overall judgement on alternative options. Sev¬ 
eral approaches are now operational, which are linked to differ¬ 
ent paradigms in decision making. It is shown that the choice of 
paradigm is quite decisive on the outcome of the analysis. Also 
within similar paradigms, different methods now operational 
may lead to different outcomes. These latter differences may be 
alleviated more easily than those related to paradigmatic choices, 
as they are partly a matter of refinement, and they partly result 
from legitimate differences in subjective priorities. The more basic 
paradigmatic differences can hardly be bridged. The practical 
relevancy of the subject is proven by applying different opera¬ 
tional methods to one case, showing widely differing outcomes. 
The paradigm behind evaluating environmental effects is either 
values based, directly or through policy decisions, or economics 
based, as individual preferences measured in the monetary terms 
of willingness-to-pay. Accordingly, the different methods are 
"policy-oriented" or "monetary". It may be doubted if the dif¬ 
ferences between these can be overcome in standardisation. 
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impact assessment; LCA;LCIA; Life Cycle Assessment; Life Cy¬ 
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1 Introduction 

LCA has as an ultimate aim to contribute to sustainable de¬ 
velopment. In this process, it is to indicate effects of product 
related choices and to evaluate them against this background. 
As no clear definition of this ultimate aim exists or is agreed 


upon, there is a necessarily subjective component in the choice 
of evaluation method and content. Hence, there are a number 
of quite different evaluation 1 methods available which up 
to now have not been compared sufficiently. Comparison of 
the results of the methods as applied to case studies may 
give the impression that the weighting element is quite arbi¬ 
trary and that it would be better to omit it from LCIA. How¬ 
ever, as decisions have to be made anyway, it is useful to try 
more consistently to explain the differences between the vari¬ 
ous methods. In part these may be due to incompleteness, 
which can be overcome with further development and in 
part they may be due to different paradigms, regardless of 
the types of application. As to the last, there is a need (at 
least) for greater clarification. 

This article offers a framework for comparing the different 
methods used in the policy and monetary approach. This 
may contribute to further development, it may lead to bet¬ 
ter specification of which method should be used in which 
situation, and it may provide a first step towards standardi¬ 
sation. First a framework for comparing the evaluation meth¬ 
ods will be developed on the basis of which some more or 
less established methods used in LCA will be compared; these 
methods are: Ecoscarcity, EPS, Ecoindicator 95, SETAC 


1 The step called evaluation or weighting across impact categories in this 
paper is defined by the SETAC as valuation and in the ISO framework as 
weighting. These are the respective definitions: 

SETAC : " valuation is the step in which the contributions from the differ¬ 
ent impact categories are weighted so that they can be compared among 
themselves" (Consou et al., 1993). 

ISO " weighting aims to rank, weight, or possibly aggregate the results of 
different life cycle impact assessment categories in order to arrive at the 
relative importance of these different results" (ISO/TC207/SC5, 1996). 
The step termed evaluation in the ISO framework is different since it re¬ 
fers to the acceptability of the results and includes such tools as a com¬ 
pleteness check, sensitivity check and consistency check. 
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method’ with NOGEPA weighting set and the method de¬ 
veloped in the ExternF. project. Then the methods will be 
compared with reference to a case study and the methods 
and results discussed. Further to other studies on the com¬ 
parison of weighting methods (Bauman et al., 1994; Bovy et 
al1994; Hertwich et al., 1997), a monetary valuation is 
also combined with the same inventory using results taken 
from the methods developed in the ExternE project. This 
method, developed for comparing different systems of en¬ 
ergy production, is based on the impact pathway approach 
where emissions are valued according to willingness-to-pay 
for the impacts. The impact pathway approach finds its ori¬ 
gins in Cost Benefit Analysis, and has been applied in cases 
in which LCA can also be applied. This paradigm clearly is 
receiving momentum in Europe through active dissemina¬ 
tion by the European Commission. In the US, and to a lesser 
extent in rhe UK, there already is a strong regulatory back¬ 
ground for applying such monetary methods. 

2 Methods Used for Evaluation in LCA 

The evaluation of alternative options requires an empirical 
and a normative component. The empirical part is specified 
in the inventory analysis, which is presumed here as given, 
and in the impact assessment. In the impact assessment, the 
empirical component consists of scientific information of 
environmental effects in terms of the characterisation mod¬ 
els chosen for the impact categories. These environmental 
effects, as on climate forcing, acidification and toxicity, can¬ 
not be evaluated directly but only indirectly by assessing 
their further effects on items directly relevant for evalua¬ 
tion, as on human health, environmental quality and on 
marketed resources and goods. These "endpoints" usually 
cannot be modelled adequately due to uncertainties of a sci¬ 
entific nature and to conditionalities. For example, the ef¬ 
fects on climate change through sea level rise, potentially 
killing millions of people, may be prevented through migra¬ 
tion and dike building. Owing to the lack of adequate scien¬ 
tific knowledge about the mechanisms by which the envi¬ 
ronmental impact categories affect the valued endpoints, the 
empirical component is uncertain. The normative compo¬ 
nent consists of information about the social preferences 
attached to the different impact categories. This implies a 
social or economic procedure. Combination of these last two 
components can lead to definition of a set of weighting fac¬ 
tors for the environmental problems that indicates the rela¬ 
tive contribution of each problem to their combined effects 
on the safeguard subjects: human health, value of ecosys¬ 
tems and availability of resources (Lindeijer, 1996). 

Technically, the various approaches to evaluation may dif¬ 
fer in many aspects: they may be based on normalised vs. 
non-normalised data, on an average vs. marginal approach, 
on potential versus actual effects, on the point in the cause- 


2 SETAC characterisation as operationalised in the Guide and Background 
(Heijungs er al., 1992). 


effect chain where they are performed, or on different meth¬ 
ods to establish collective preferences. Normalisation is de¬ 
fined as an optional element relating all impact scores of a 
functional unit to the impact scores of a reference situation 
(Heijungs et al., 1996). All the policy-oriented methods com¬ 
pared are based on normalised data relating to impact cat¬ 
egories or to total substance load. The ExternE method is 
not based on normalised data, its impacts being expressed 
in monetary terms on the basis of the preferences of those 
affected by these impacts. Among the different methods com¬ 
pared, ExternE is the only one based on a marginal approach 
since it looks at the incremental effects or damage of a refer¬ 
ence plant background situation. As the effect models are 
still linear through the origin this choice does not yet have 
practical consequences. The method requires knowledge of 
many damage functions which, however, are available only 
for few substances; for this reason it is expected that the 
overall burden as calculated with the ExternE method in the 
case study will be due to a few substances only. The same 
approach is followed partly in the EPS method, but not in 
the policy methods - Ecoscarcity, SETAC with NOGEPA, 
Ecoindicator 95- which are based on a site-independent ap¬ 
proach that implies the assessment of potential effects. 
Whether or not to include spatial and temporal aspects in 
the SETAC framework (Heijungs et al., 1993; Potting et al., 
1994; Wrisberg et al., 1997), however, is a point of current 
debate within the LCA community. 

Table 1 classifies several evaluation methods with reference 
to the point in the cause-damage chain - interventions, im¬ 
pact indicators, damage to valued endpoints - where they 
are performed and to the choice of the method used to es¬ 
tablish collective preferences. The cause-damage chain starts 
from the interventions (emissions, extraction, land use) con¬ 
tributing to certain environmental impacts (e.g. global warm¬ 
ing); these impacts are quantified by means of certain im¬ 
pact indicators (climate-forcing) that are responsible for 
certain damages (value of lost land due to sea-level rise) to 
certain receptors. The evaluation methods can be performed 
at any level in the cause-effect chain: at the substance level 
no information on the impact category involved will be sup¬ 
plied; at the impact categories level more knowledge will be 
available; at the damage level a much better picture of dam¬ 
ages will be available, but there will often be insufficient 
scientific knowledge to fully operationalise this approach. 

There are five main approaches in LCA evaluation for es¬ 
tablishing collective preferences at different points of the 
cause-effect chain: individual preferences, collective revealed, 
collective subjective, policy criteria and objective criteria 
(Huppes et al., 1997). 

1. In the individual preferences methods, the economic 
mechanisms set the weights through the two tools of con¬ 
tingent valuation: equivalent variation (willingness-to- 
pay), which states how much each person involved would 
be willing to pay to prevent a certain deterioration of the 
environment, and compensating variation (willingness- 
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to-accept), which states how much the person involved 
would want to receive to consent to this deterioration. In 
this approach, weighting appears feasible only at the level 
of the damage categories or "endpoints". As examples of 
this approach, the EPS, which is based not only on eco¬ 
nomic mechanisms, and the ExternE project are consid¬ 
ered. All other methods ultimately are partly or fully value 
based. 

2. In the collective, revealed preferences approach the weights 
are derived from government decisions; they are the high¬ 
est costs still acceptable for the reduction of one unit of 
environmental problem. The weighting can take place at 
the level of the interventions, the impact categories, the 
damage types or the safeguard subjects. A variety of un¬ 
published government reports identifying priority options 
for environmental investments form examples of this ap¬ 
proach at the impact categories level. 

3. In the collective subjective preferences, or societal ap¬ 
proach, the weighting can be performed at the level of 
the impact categories, the damage categories, or the safe¬ 
guard subjects, e.g. by a panel (Voijcwein et al., 1996) 
representative of the society as a whole. In this study, the 
NOGEPA panel is considered as an example. 

4. In the policy criteria approach, the weights are derived 
from government statements on emission reduction tar¬ 
gets considered to constitute a no-effect level. This ap¬ 
proach is usually based on the distance-to-target method 
or ratio-to-target method; the weighting can take place 
at the level of the interventions, the impact categories, 
the damage categories or the safeguard subjects. The 
Ecoscarcity and Ecoindicator 95 methods are examples 
of this approach. 

5. In the objective criteria method, certain sustainability lev¬ 
els are identified for each impact category and the dis¬ 
tances to these sustainability factors are taken to repre¬ 
sent the weights (GuinEe, 1995). In order to arrive at a 
societal evaluation, a "cross-category factor" represent¬ 


ing societal preferences must still be applied. Without this 
factor, the objective criteria method does not represent a 
full method. 

In the following paragraphs, the operational evaluation 
methods shown in Table 1 are briefly reviewed. Since the 
first three methods described belong to familiar policy ap¬ 
proaches, a longer description of the remaining two mon¬ 
etary approaches is presented. 

2.1 The "Ecoscarcity" approach 

The Ecoscarcity approach ( Ahbe et al., 1990) relates the con¬ 
cept of economic scarcity (relation between supply and de¬ 
mand) to ecological topics by defining ecological scarcity as 
the relation between the critical load of a substance and the 
actual load of anthropogenic emissions of that substance. In 
this method, the different interventions are weighted against 
one another directly; the weighting takes place at the first 
level of the cause-effect chain. The method is based on a 
distance-to-target (or ratio-to-target) between the critical and 
the actual flow of a substance. Both the critical and the ac¬ 
tual flows are derived from the national conditions: the criti¬ 
cal flow is the annual load limit set by national environmen¬ 
tal laws and the actual flow is the total magnitude of an 
intervention in a specific area during a certain period. The 
Ecoscarcity approach has been adapted to the SETAC frame¬ 
work by translating ecoscarcity at the intervention levels into 
ecoscarcity at the effect level (Muu.kr-Wenk, 1994). 

The main advantage of the Ecoscarcity is its simplicity and 
ease of use. 

The main disadvantages of this method are that: 

- the results are dependent on political priorities; 

- the political target and the critical flows are site-specific; 
this implies that there will be different ecofactors for every 
country, and not a formalised set of weighting factors 
independent of the site (Tukker, 1994). 


Table 1: Classification of evaluation methods 



(1) emissions/ 
extractions/ 
land use 

(2) impact indicators 

(3) damage categories | 

(4) safeguard subjects 

individual preferences 

collective revealed 


Unpublished 
government reports 

ExternE 

EPS 

collective subjective 


-SETAC 





-NOGEPA 



policy criteria 

Ecoscarcity 

- Ecoindicator 95 

- new Ecoscarcity 



objective criteria 


GuinEe 
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In this study, the Norwegian ecofactors have been used solely 
because they cover more environmental interventions. 

2.2 The "NOGEPA panel" approach 

The NOGEPA (Netherlands Oil and Gas Exploration and 
Production Association) panel method belongs to the collec¬ 
tive subjective preferences approach, and since the panel es¬ 
tablishes scores for different impact categories, its position in 
the cause-effect chain is at the impact categories level. The 
NOGEPA panel, in the context of implementing environmen¬ 
tal policy in its sector, has developed a weighting set for envi¬ 
ronmental effects in order to identify the environmental cost- 
effectiveness of investment options as a starting point for 
prioritarisation. Because the effects as assessed by the panel 
are mainly in line with the effects contemplated by the SETAC 
LCA guidelines, the NOGEPA weighting set can be used in 
LCA case studies performed with the SETAC method. The 
SETAC LCA method, for which readers are referred to Consoli, 
Heijungs and ISO 14040, is not described here. In the NOGEPA 
project, a panel of 26 people from ministries, companies and 
universities was established to make a quantitative pronounce¬ 
ment on the relative relevance of the environmental effects 
associated with Dutch atmospheric emissions. The time hori¬ 
zon for effects was defined as 20 to 50 years, under the as¬ 
sumption that the level of emissions would remain the same; 
the spatial area was not limited, a global scale being assumed 
for all the effects. In the NOGEPA project, the panel weight¬ 
ing set represents the "starting point" for prioritising invest¬ 
ment options. It can readily be used for weighting across im¬ 
pact categories in other LCA case studies. Its limitation is that 
it is incomplete, because it only considers emissions to the at¬ 
mosphere and certain other categories of effects. 

In this study, the following effects have been assessed: abi¬ 
otic resource depletion, global warming, ozone depletion, 
acidification, nutrification, photochemical oxidant forma¬ 
tion, human toxicity and ecotoxicity. In the NOGEPA pro¬ 
cedure, no weight was established for abiotic depletion or 
ecotoxicity; here, these weights have been estimated assign¬ 
ing these impacts the same importance as all other effects. 
Normalisation of the impact categories score has been car¬ 
ried out using the most recently available normalisation data 
for Europe (Directoraat-Generaal Rijkswaterstaat, 1997). 

2.3 The "Ecoindicator 95" approach 

In the Ecoindicator 95 method (Goedkoop, 1995), the dif¬ 
ferent impact categories are weighted relative to one another 
and then summed to form an overall environmental index. 
Ecoindicator 95 is fundamentally a distance-to-target 
method; the weights are based on the ratio between the ac¬ 
tual annual contribution to a problem and the no-effect con¬ 
tribution to that problem. The targets are set according to 
the following criteria: one extra death per million inhabit¬ 
ants per year; health complaints as a result of a smog epi¬ 


sode; five per cent ecosystem impairment. 

This method derives weighting factors for the different im¬ 
pact categories that are generally in line with the SETAC 
guidelines framework; it can be readily used to carry out 
LCA case studies even if there are some differences in the 
definition of the impact categories’ and in the characterisa¬ 
tion and normalisation factors. The main disadvantages of 
this method are: 

- there is no normative information because the "cross-cat¬ 
egory factor" is set arbitrarily at 1; 

- resource depletion is not assessed. 

The new version of this method, which is currently under 
development, seems to have adopted an approach more simi¬ 
lar to the ExternE project, based on the damage functions 
but without indicating the relative importance of an impact 
category. It adopts the concepts of DALY’s, - Disability Ad¬ 
justed Life Years - (Murray et al., 1996) and PAF’s -Poten¬ 
tially Affected Fraction of species - (Kleppkr et ah, 1997): 
the former is a health indicator based on epidemiological 
data that measures the total amount of ill health due to dis¬ 
ability and premature death attributable to specific diseases 
and injuries; the latter is an index that calculates the frac¬ 
tion of species exposed to values above the NOEC for a 
given environmental concentration of a substance. 

In this study, the method as proposed by the designers of the 
Ecoindicator 95 method has been used by adopting its char¬ 
acterisation and European-based normalisation factors; in 
contrast to the NOGEPA method, in this case no estimate 
has been made of the missing weights (abiotic depletion and 
ecotoxicity). This difference in treatment is due to the fact 
that the NOGEPA project was concerned only with the prob¬ 
lem associated with atmospheric emissions; this implies that 
there is nothing wrong with adding estimated weights for 
two impact categories reckoned to be important. By con¬ 
trast, the Ecoindicator 95 method was designed as a weight¬ 
ing method for environmental effects that damage ecosys¬ 
tems or human health; this means that it is precisely these 
effects that are considered relevant by the author. 

2.4 The "EPS" method 

In the EPS system (Steen et ah, 1993), the environmental 
interventions are evaluated according to the effect they have 
on the following safeguard subjects: human health, biologi¬ 
cal diversity, production, resources and aesthetic values. The 
set of default factors applied directly to the inventory is based 
on a procedure carried out at both the impact categories 


3 The depletion of resources is not considered and human toxicity is re¬ 
placed by the categories summer smog, carcinogenic substances, heavy 
metals and winter smog. 
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and the safeguard level. The emissions are related to the safe¬ 
guard subjects by going through the SETAC procedure of 
classification and characterisation combined with certain 
correction factors, c.g. for the extent, intensity and duration 
of the effect. Valuation of the interventions in monetary terms 
is then performed on the basis of a willingness-to-pay for 
restoration of the safeguard subjects and the availability of 
sustainable substitute processes. Loss of human health, 
biodiversity and aesthetic values are monetarised using con¬ 
tingent valuation to establish the price society is willing to 
pay to avoid these damages. Resource depletion is mone¬ 
tarised by looking at the future environmental costs of sub¬ 
stitute processes (environmental costs that must be incurred 
to recover the minerals or the fossil fuels from other rocks 
or sources with the help of a biotic energy source). Produc¬ 
tion losses are monetarised by measuring estimated reduc¬ 
tions in agricultural yields. The EPS environmental factors 
are expressed in ELU (Environmental Load Units) per kg. 
This unit is assumed to be equal to the ECU but is termed 
differently because it does not represent a real market value 
but a common value that can be used to compare different 
measures. 

The EPS method focuses more on resource depletion than 
on emissions. 


2.5 The "ExtcrnE" method 

The main objective of the ExternE project (EC, 1995) is to 
develop a methodology to assess the external costs of the 
energy sector. The external costs or negative externalities 
are defined in economic terms as "the costs which arise when 
the social or economic activities of one group of people have 
an impact on another, and when the first group fail to fully 
account for their impacts". The externalities derived from 
energy production (or, more generally, from any productive 
cycle) with respect to the welfare of society are the damages 
to human health, ecosystems and materials whose costs are 
not reflected in the market price of the energy. The ExternE 
approach involves quantification of the environmental and 
health impacts of certain fuels - coal, lignite, oil, gas, nu¬ 
clear and renewables - and their relative external costs dur¬ 
ing the different phases of the life cycle. 

The impacts identified, quantified and partly monetarised 
are the following: occupational and public accidents; effects 
of atmospheric pollution on human health, crops, forests, 
freshwater fisheries and unmanaged ecosystems; effects of 
global warming by greenhouse gases; and effects of noise. 
Quantification of the damage caused to the five receptors - 
human health, buildings and materials, crops, forests and 
fresh waters - is performed using the damage function or 
impact pathway approach. The damage function approach 
places great emphasis on the relationships between natural 
and economic sciences in revealing the sequence of changes 
that result in damage (Cantor et al., 1992). In order to ap¬ 
ply this method, specific reference plant technologies and 


means of transport have to be considered. This means that 
some of the damages estimated are dependent on the refer¬ 
ence site chosen. The method adopts a marginal approach 
as it looks at the incremental effects or damages of the single 
reference plant being considered relative to the background 
conditions. It is divided into four steps: 

1. inventory of the environmental burdens occurring at spe¬ 
cific sites; 

2. calculation of the increased pollutant concentrations in 
the regions affected; 

3. calculation of the physical impacts; 

4. economic valuation of the damage. 

The inventory of the environmental burdens derived from 
the different sites and transport steps of the fuel cycle is quite 
straightforward and is very similar to the set-up of the LCA 
inventory. The main difference is that the LCA inventory 
and all the other methods described, except EPS, deal with 
potential impact. They do not specify how the interventions 
occur in real time and space dimensions, while the ExternE 
inventory relates every intervention to a specific site in or¬ 
der to apply the impact pathway methodology. Atmospheric 
transport flows are estimated using models of atmospheric 
dispersion and chemistry to assess the fate of the pollutants 
over a distance of several hundreds of kilometres. The physi¬ 
cal impacts are estimated using dose-response functions 
which may be linear or complex. 

The final stage is economic valuation which is accomplished 
using three tools: market values, indirect valuation, for ex¬ 
ample in terms of averting behaviour 4 , replacements costs 5 , 
travel costs* or hedonic pricing 7 and contingent valuation. 
The first technique can be used when the receptors of the 
damage are commodities which have a real market, for ex¬ 
ample crops, timber or buildings. The different indirect valu¬ 
ation prices are used to value impacts on public goods, such 
as recreational sites, by observing people’s behaviour in a 
real market. Contingent valuation is used to value damages 
having no connection with real markets, such as biodiversity. 
Because of the current controversy discussion regarding the 
discounting of the monetary values of environmental and 
health impacts, three different rates, 0%, 3% and 10%, have 
been used where necessary. 


4 This method is based on the concept of perfect substitutability: what peo¬ 
ple pay to have substitutes for environmental change, for example, bottled 
water rather than tap water. 

5 This technique uses the costs of replacing a damaged asset to its original 
state. 

6 In this technique, what people pay in terms of travel and time costs can be 
used to set a value on natural resources such as a lake. 

7 This method considers the real market for commodities whose prices are 
atfected by environmental factors; a typical example is the different price 
of two houses that are identical in all aspects, except for one being located 
near an airport. 
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The results of the ExternF. project can be used in the LCA 
evaluation to obtain a monetary value for some pollutants. 
Two main problems arise in applying them to LCA case stud¬ 
ies. First, monetary values are operational for only few sub¬ 
stances, such as dust, S0 2 , and NO x , so the overall results 
would only be related to these; although it is possible to use 
monetary values for other pollutants taken from other stud¬ 
ies so that there will always be a variety of different values 
available (Lee et al., 1996). Second, the results are site-spe¬ 
cific. Environmental differences in the background of the 
sites and socio-economic differences in the population struc¬ 
tures can seriously affect the results: the first by affecting 
the magnitude of the damages, the second by affecting the 
willingness-to-pay. Meta-analysis can be undertaken to trans¬ 
fer the result of one site-specific study to another, but the 
results would simply be estimates. 

In this study, two different cases have been considered us¬ 
ing the ExternE approach: one based only on the ExternE 
results, the other on the ExternE results plus some addi¬ 
tional values. In the first case, the pollutant values presented 
in the European Commission report (EC, 1996) (averages 
values for the different countries considered) have been 
adopted; only dust, S0 2 and NO x are assessed. The second 
case has a set in which, additional to the ExternE results, 
there are some values for greenhouse gases as presented in 
(Fankhauser, 1994; Craighill et ah, 1996). Other studies 
reveal different monetary values for the same pollutants (e.g. 
Hormandinger, 1995). 

3 Evaluation Results for the Case of Car Tyres 

Theoretical differences may be profound but without real 
consequences in practice. To test the practical consequences 
of a choice of paradigms and methods, we apply a number 
of operational methods on a case. Any more or less complex 
case could have been chosen. We took one from the practi¬ 
cal work of the first author, a cradle-to-gate inventory of 
one tonne of car tyres (Nicoletti et ah, 1998). This inven¬ 
tory, reported in Table 2 in a summarised manner, considers 
the resource consumption and the environmental burdens 
associated with acquisition of the main materials required 
for manufacturing one tonne of car tyres and with the ac¬ 
tual production phase; it is a cradle-to-gate analysis. The 
functional unit is one tonne of car tyres. The product system 
is the production of one tonne of car tyres from the extrac¬ 
tion of raw materials through production. The scope of the 
analysis is to identify the "hot spots" of the system, both at 
level of materials and of substances and to identify options 
for improvement. 

The most important processes not included in the inventory 
because of lack of data are those associated with the pro¬ 
duction and use of fertilisers and pesticides in natural rub¬ 
ber production. The data used are average European data 
and, in some cases, are based on unpublished environmen¬ 
tal information supplied by Italian companies. Some sub¬ 


stances, in particular from the latter data source, are highly 
aggregated, without much specification of their chemical 
nature as required in LCA. In order to solve this problem, 
two constructed inventory tables have been based on the 
"best" (least toxic substance in the group) and the "worst" 
(most toxic substance in the group) factors, as defined in 
the Guide 8 . In the best case, for example, it follows that all 
unknown metals in air have been assumed to be as low- 
toxic as zinc, which has a characterisation factor for hu¬ 
man toxicity of 0.033, while in the worst case the same 
quantity of unknown metals in air has been assumed to be 
as toxic as chromium (VI), with a characterisation factor 
for the same impact category of 47,000, more than six or¬ 
ders of magnitude larger. 

Once the "best" and the "worst" constructed inventory ta¬ 
bles have been set up, six different evaluation methods are 
applied to each case: Ecoscarcity, EPS, SETAC method with 
NOGEPA weighting set, Ecoindicator 95, ExternE and 
ExternE with some added values. The differences among the 
various single-step or multi-step evaluation methods are pre¬ 
sented at three levels: 

1. differences in the inventory (best versus worst); 

2. differences at the materials level (steel versus all the other 
materials that together constitute the tyre); 

3. differences at the level of substances/resources (a subdivi¬ 
sion for all the main substances considered). 

These three levels will now be considered in the following 
sections. 


3.1 Inventory level 

In Table 3 and Figure 1 the two inventory tables are re¬ 
ported on the same scale. 

EPS and Ecoscarcity show almost the same characteristics, 
because both lack of factors for some of the unknown sub¬ 
stances. NOGEPA shows a very large difference between 
the two inventories. This is due mainly to the high charac¬ 
terisation factor of chromium (VI) in the worst case, com¬ 
pared to the low zinc characterisation factor in the best case. 
Ecoindicator 95 has a smaller range in the characterisation 
factors for the heavy metals than those mentioned in 
(FIeijungs et al., 1992) which leads to a smaller difference 
between the two cases. The two ExternE approaches show 
exactly the same figures in both cases because of the lack of 
values for the unknown substances. 


1 The best and worst cases have been drawn up for six categories of generic 
substances: VOC, aldehydes and metals in air, other nitrogens, hydrocar- 
bons and metals in water. 


294 


Int. J. LCA 3 (5) 1998 




Table 2: Cradle-to-gate inventory of one tonne of car tyres (all values, except those indicated are expressed in kg) 
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CO 

LU 

00 

CO 

B.48E+4 

1.65E+2 

3.30E+1 

8.20E+1 

2.79E+2 

3.00E+1 

2.20E+1 


3.88E+0 

9.30E+0 

2.29E+3 

2.94E+1 

9.13E+0 

3.04E+0 

1.34E+1 

CM 

LLJ 

CO 

q 

cd 

5.36E+0 

3.1 IE-2 


4.55E-1 

2.20E+0 

2.55E-1 

1.73E+0 

5.19E-1 

2.25E+0 

2.22 E-1 

1.28E-1 


7.67E+2 

5.74E+0 

Tyre manu 
factoring 










3.08E-1 

3.14E-1 1 

1.01E+3 

4.67E+0 

2.00E+0 

6.65E-1 

2.B8E+0 

3.30E-3 


2.54 E-2 


2.26E-2 

9.68E-2 

1.10E-2 

1.28E+0 

3.42E-2 

3.58E-2 

1.53 E-3 

5.28E-2 


1.70E+2 

5.00E+0 

Stearic 

acid 


5.50E+2 








1.1BE-3 

1.62E-3 

5.58E+0 

1.50E-2 

1.47E-2 

4.89E-3 

CM 

LU 

CO 

O 

2.55E-5 


CD 

UJ 

O 

cd 


CD 

UJ 

CD 

CO 

5.52E-6 

UJ 

3.90E-3 

LLJ 

O 

q 

CM 

2.49E-4 

3.60E-5 

5.76E-7 


5.46E-2 

n.a. ! 

Zinc 

oxide 


7.65E+2 




2.79E+2 




1.63E-3 

2.84E-3 

9.90E+0 

6.48E-2 

CM 

UJ 

oq 

CM* 

9.48E-3 

1.37 E-2 

1.14E-3 


1.67E-3 


1.35E-6 

4.05E-6 

2.41 E-4 

3.00E-3 

LLJ 

O 

q 

5.5BE-1 

7.12E-2 

2.69E-5 


8.42 E+0 

cd 

a 

D 

•C 

Q. 

□ 

CO 


1.50E+2 








1.00 E-3 

2.76E-4 

2.98E+0 

3.15E-2 

6.57E-3 

2.19E-3 

2.32E-3 

4.00E-6 


7.00E-7 


3.50E-6 

7.00E-6 

4.20E-5 


1.40E-5 

7.00E-6 

3.50E-6 

2.10E-6 


3.63E-3 

n.a. i 

Steel 


3.30E+3 

1.65E+2 

3.30E+1 

B.20E+1 





1.23E+0 

7.52E+0 

7.99E+1 

2.3BE+0 

4.42 E-1 

UJ 

Tj- 

1.96E+0 

5.54E-4 

1.06 E-2 

2.20E-3 


5.06E-2 

2.64E-6 

1.33E-2 

CM 

LLJ 

00 

CO 

5.60E-4 

•q 

c: 

1.58E-2 

2.98E-2 


5.74E+2 

7.20E-1 i 

PET 


! 








3.50E-2 

LU 

O 

CO 

2.22E+1 

2.30E-1 

1.43E-1 

4.75E-2 

4.83E-1 

CO 

UJ 

o 

o 


LU 

O 

O 


CM 

LU 

O 

O 

3.10E-2 

5.50E-3 

5.60E-3 

1.34 E-1 

7.50E-3 

1.10E-3 



4.09E-1 

n.a. 

Nylon 


CO 

+ 

LU 

O 

c\i 





3.00E+1 



3.30E-2 

5.04 E-2 

7.50E+1 

2.59E-1 

4.66E-1 

1.55E-1 

2.76E-1 

8.02E-4 

LO 

UJ 

o 

V 

CM 
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3.00E-1 

LU 

CM 

m 

■<r 

7.48E-2 

5.65E-2 

4.23E-3 
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3.12E-3 

2.77E-3 


1.87E+0 ■ 

cd 

ci 

Rayon 


CO 

A 

CM 

CO 






2.20E+1 


1.93E-1 

CM 

UJ 

CD 

CM 

CD 

3.50E+1 

8.56E-1 
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O 

CO 

2.44E-5 


CM 

UJ 

CO 

•'3- 

o 
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CD 

CO 

CM 

UJ 

03 

CO 

CO 

UJ 

o 

in 
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2.09 E-1 

UJ 

CO 

oq 

cd 

B.49E-4 : 

7.30E-6 ! 


o 

A 

CD 

CM 

cd 

r~ 

Carbon 
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1.48E+0 
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1.51E+2 

5 

CO 

CO 
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LU 

M- 

CO 

CO 
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c? 

UJ 
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o> 

CD 
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CO 

CO 

CM 
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o 
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O 

q 
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CO 
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butadiene 


CO 

UJ 

CO 

CO 
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CM 
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LU 

O 
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LU 

o 

CO 

UJ 

o 

q 

CD 
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CM 

LLJ 

O 

q 
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CM 
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CM 
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cd 

*D 

C 
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O 

li 

CO 
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ii 

CO 
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-i 

o 

+ 

UJ 

03 

cd 

o 

LU 

CD 

6.24E-1 

o 

UJ 

CO 
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cd 
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9.25E-2 
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1.02 E-1 
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A 

CO 

q 

cd 
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LU 

GO 

CO 

CO 

a 

N- 
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- 1 

o 

UJ 

LO 

o 

cd 
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5.42 E-1 

6.75E-4 
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CO 

LU 

ID 

o 
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1.75E-1 
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8.46E-4 

4.06E-4 

2.66E-4 


o 
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CO 
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cd 
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Coal (coke manufacturing) 
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OO 
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Tabic 3: Evaluations of best and worst inventory (percentage) 


EPS ECOSC. NOGEPA EC095 ExternE ExternE+ 



worst 

best 

worst 

best 

worst 

best 

worst 

best 

worst 

best 

worst 

best 

Raw materials 

zinc ore 

23.8 

23.8 



0.4 

0.4 



. 

. 

_ 

. 

oil 

32.0 

32.0 

4.0 

4.0 

0.0 

0.0 

- 

- 

- 

- 

- 

- 

gas 

16.0 

16.0 

2.4 

2.4 

0.0 

0.0 

- 

- 

- 

- 

- 

- 

coal 

5.8 

5.8 

1.9 

1.9 

- 

- 

- 

- 

- 

- 

- 

- 

Air emissions 

dust 

0.0 

0.0 





1.2 

1.2 

13.3 

13.3 

12.8 

12.8 

co. 

16.3 

16.3 

9.7 

9.7 

1.7 

1.7 

1.6 

1.6 

- 

- 

4.1 

4.1 

N 2 0 

1.7 

1.7 

16.9 

16.9 

0.6 

0.6 

0.6 

0.6 

- 

- 

0.0 

0.0 

NO, 

0.2 

0.2 

7.9 

7.9 

0.7 

0.7 

3.1 

3.1 

15.9 

15.9 

15.2 

15.2 

SO, 

0.2 

0.2 

28.1 

28.1 

2.7 

2.7 

20.6 

20.6 

70.8 

70.8 

67.9 

67.9 

metals 

0.6 

0.2 

16.3 

1.2 

54.0 

0.0 

54.0 

10.2 

- 

- 

- 

- 

voc 

1.0 

1.0 

11.5 

11.5 

2.9 

1.8 

3.4 

5.4 

- 

- 

- 

- 

Water emissions 

metals 





36.7 

0.3 

15.5 

0.0 

. 

. 

. 

. 

others general 

2.3 

2.3 

1.3 

1.2 

0.2 

0.1 

0.1 

0.1 

- 

- 

0.0 

0.0 

TOTAL 

100.0 

99.6 

100.0 

84.8 

100.0 

8.4 

_ 

100.0 

42.8, 

100.0 

100.0 

100.0 




worst best worst best worst best worst best worst best worst best 

Evaluation methods 


■ others 

B metals w 

Hvoc a 

□ metals a 
BSO2 

□ NO* 

hn 2 o 

hco 2 

■ dust 

□ coal 

■ gas 

■ oil 

□ zinc ore 


Fig. 1: Evaluations of best and worst inventory 


3.2 Materials level 

The material composition of the car tyre considered and the 
materials assessed (more than 99% of total tyre weight) are 
shown in Table 4. 

In Table 5, the scores per kilogram of the constituent tyre 
materials have been normalised to the score of 1 kg of steel. 


In this way, the different evaluation methods are not applied 
to the functional unit, but to a single kg of material. The 
results show extremely high figures for zinc oxide; this is due 
to a depletion of zinc ore in the EPS method and to the emis¬ 
sions of metals to both air and water in the NOGEPA method. 

Among the cords of the tyre, nylon 6.6 shows high scores, 
especially in the Ecoscarcity, EPS and NOGEPA methods. 
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Table 4: Materials composition of one tonne of car tyres (Notarni- 


cola, 1996) 


Materials 

kg/t tyre 

Natural rubber 

160 

SBR 

235 

Polybutadiene 

40 

Butyl rubber 

30 

Rayon 

20 

Nylon 

10 

Polyester 

10 

Steel 

110 

Carbon black 

270 

Sulphur 

10 

Zinc oxide 

15 

Stearic acid 

10 

Other materials 

80 

Total 

1000 


because of its high energy content and the relatively large 
number of intermediates used in its manufacture. Carbon 
black shows high scores, especially in the Ecoscarcity method 
and the two ExternE methods, owing respectively to emis¬ 
sions of S0 2 and dust, whose characterisation factors are 
relevant in the ExternE method. Among the different types 
of rubber, which constitute almost 50% of the tyre weight, 
natural rubber seems to have the best score, but this result is 
undoubtedly due to the lack of data on fertiliser and pesti¬ 
cide production and use in the cultivation phase. The syn¬ 
thetic rubbers appear to be evaluated at more or less the 
same level in the various methods, but for different reasons. 

Figure 2, in which the data of Table 5 are reported graphi¬ 
cally, shows the high range of the EPS and NOGEPA meth¬ 
ods, due to the scores for zinc oxide. 


Table 5: Scores for kg of materials normalised to kg of steel, in the best case 



ECOSC. 

EPS 

NOGEPA 

EC095 

ExternE 

ExternE+ 

Steel 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

NR 

0.8 

0.7 

0.8 

0.5 

0.6 

0.6 

SBR 

1.1 

1.3 

1.1 

0.6 

0.5 

0.6 

Polybutadiene 

1.2 

1.2 

1.2 

0.7 

0.6 

0.6 

Butyl rubber 

1.2 

1.7 

1.1 

0.6 

0.5 

0.5 

Carbon black 

1.6 

1.4 

1.3 

1.3 

1.6 

1.6 

Rayon 

1.7 

1.1 

1.4 

1.1 

1.5 

1.5 

Nylon 

4.2 

3.7 

3.3 

1.6 

1.6 

1.7 

PET 

1.9 

1.4 

2.3 

1.3 

0.9 

1.0 

Sulphur 

0.6 

0.2 

0.6 

0.7 

0.8 

0.8 

Zinc oxide 

0.4 

30.7 

6.4 

1.2 

0.1 

0.2 

Stearic acid 

0.2 

0.7 

0.2 

0.1 

0.1 

0.1 



♦ ECCSC ■ EPS 


A HOCEPA a ECC9S 


* ExternE • ExternE*! 




Fig. 2: Range of values for the tyre materials in different methods 
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Table 6: Contributions of substances to the overall result in the different methods (percentage), best case 



EPS 

ECOSC. 

NOGEPA 

ECO 95 

ExternE 

ExternE + 

Raw materials 

zinc ore 

23.9 


5.1 


_ 

. 

oil 

32.2 

4.7 

0.4 

- 

- 

- 

gas 

16.1 

2.8 

0.4 

- 

- 

- 

coal 

5.9 

2.3 

- 

- 

- 

- 

Air emissions 

dust 




2.7 

13.3 

12.8 

C0 2 

16.3 

11.4 

19.9 

3.8 

- 

4.1 

N,0 

1.7 

20.0 

7.1 

1.4 

- 

0.0 

NO, 

0.2 

9.4 

8.8 

7.2 

15.9 

15.2 

S0 2 

0.2 

33.2 

32.6 

48.1 

70.8 

67.9 

zinc 

0.2 

1.4 

0.0 

23.9 

- 

- 

styrene 

1.0 

13.5 

21.0 

12.7 

- 

- 

Water emissions 

zinc 



3.9 

. 

. 

. 

others (general) 

2.3 

1.5 

0.8; 

0.1 

“ 

0.0 

TOTAL 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 



Fig. 3: Contributions of substances in the best case 


3.3 Substance level 

In Table 6 and Figure 3, the scores for each substance are 
presented as a percentage on the same scale. 

From Figure 3 it can be derived that the depletion of fossil 
fuels together with the depletion of zinc ore in the EPS 
method 5 , contributes to about 80% of the overall result. 


9 This is valid for both the best and the worst case. 


This is due to the high EPS factors for resource depletion. 
The depletion of zinc ore is relevant only for the production 
of zinc oxide. This result becomes much more interesting if 
it is observed that the zinc oxide has a share of only 1.5 % in 
the total tyre weight. Moreover, some pollutants such as NO x , 
SO, and styrene which demonstrate a substantial contribu¬ 
tion in other methods are almost negligible in the EPS method, 
owing to the low factors assigned to them in this method. 

The Ecoscarcity, NOGEPA and Ecoindicator methods show 
almost the same characteristics: a very high contribution of 
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S0 2 , significant contributions of NO x and a zero contribu¬ 
tion of dust, due to the lack of a characterisation factor. 
The Ecoscarcitv method shows no contribution for zinc ore, 
because there are no factors for mineral depletion, an aver¬ 
age, high contribution of fossil fuels and a very high N 2 0 
contribution because of the high Norwegian N,0 factor. 
The NOGEPA method has the highest C0 2 contribution 
owing to the weighting factor for global warming which is 
more than the double that of the others. Moreover, it has a 
high score for zinc ore depletion, owing to the scarcity of 
this mineral, and a high score for styrene due to the rela¬ 
tively high quantity of this substance in the inventory. 

If the results of this method were to be compared with those 
of an equivalent method in which all the weights were set to 
one, the greatest differences would be in the contributions 
of styrene and C0 2 . The NOGEPA method would register 
CO, contributions of over 10% and a styrene contribution 
of less than 10%. 

The Ecoindicator 95 method has no value for resource de¬ 
pletion because this impact category is not assessed in the 
method, although it is affected by a very high contribution 
of SO, and of zinc in air. The two ExternE methods have the 
highest share of SO,, a high contribution of dust, and an 
average, high contribution of NOx. 

In the worst case, the EPS and the Ecoscarcity methods show 
almost identical results to those in the best case; this is due 
to the lack of factors for various aldehydes, various VOC 
in air and various metals in water. NOGEPA and 
Ecoindicator 95 show very different results from the previ¬ 
ous case: the chromium (VI) emissions in air and water con¬ 
tribute respectively to about 70 and 80% of the overall re¬ 
sult because of the very high characterisation factor of this 
metal. Ecoindicator 95 shows a lower contribution of chro¬ 
mium (VI) in water but a higher contribution of S0 2 . The 
two ExternE approaches yield the same results as the previ¬ 
ous case. 


4 Discussion 

The ExternE approach, coming from a Cost-Benefit Analy¬ 
sis (CBA) background, shows quite extreme differences in 
outcomes as compared with the various LCA-based ap¬ 
proaches. Within the monetary paradigm, the differences are 
largest as EPS focuses on resource depletion and ExternE on 
human health. The policy oriented methods are much closer 
in their results. The differences in outcome appear both at 
the level of the tyre as a whole, i.e. the cradle-to-gate tyre 
inventory, and at the materials level. The results differ by a 
factor of more than ten. 

The differences originate, to a substantial extent, from a lack 
of effect data on certain substances, with different gaps be¬ 
ing observed in different methods. All the methods investi¬ 
gated can be extended to cover more substances. Some of 


the divergences would then diminish. The LCA approaches 
based on current policy or current policy documents, for 
example the Ecoscarcity and revealed preference methods, 
beg the question of what is important and why. The remain¬ 
ing methods differ fundamentally in two respects: in the point 
of the effect chain where assessments are made and in their 
philosophical basis for evaluation. 

The subjective monetarised evaluation, based on willing- 
ness-to-pay, as in ExternE and to a lesser extent EPS, re¬ 
quires dose-response relationships for valued endpoints, 
implying long effect chains. As knowledge on long effect 
chains is limited, these methods tend to have narrow effect 
chains or a limited number of dose-response relationships. 
The focus is therefore on inhalatory problems related to 
fine dust and SO,, for which empirical relationships have 
been substantiated statistically. Philosophically, the evalua¬ 
tion is based on what people consider as important to them¬ 
selves. The LCA approaches based on problem themes can 
take into account quite broad and relatively well-proven 
effect mechanisms, but only in a limited way. Willingness- 
to-pay concepts are not applicable to this point in the effect 
chain; the problem themes, at best, can be seen as repre¬ 
senting collective goods. Philosophically, evaluation is there¬ 
fore based on views about what is important to society in 
general, without necessarily asking the individuals ultimately 
concerned, as is the intention in the monetary paradigm. 

Assuming agreement on inventory outcomes, choices depend 
on the evaluation of environmental modelling results. It may 
be expected that the empirical part, both that of characteri¬ 
sation modelling and linking those results to valued 
endpoints, will converge within the policy-oriented paradigm. 
Differences in evaluation will remain but may not be deci¬ 
sive for outcomes. The monetary approach, quite dominant 
in environmental analysis outside the realm of LCA, has a 
set-up which cannot easily converge to the value-oriented 
methods. It requires hard empirical modelling to endpoints, 
making it very selective; it cannot have a normalisation step 
linking to environmental problems as defined at a social and 
political level; and it has an evaluation method which does 
not take into account collective aspects as on societal risk 
aversion. As long as these different paradigms are present, 
standardisation of impact assessment methods will remain 
difficult and the evaluation cannot be standardised, not even 
its structure. 


5 References 

Ahbe, S.; Braunschweig, A.; Muller Wenk, R. (1990): Methodik 
fur Oekobilanzen auf der Basis okologischer Optimierung. 
Schriftenreihe Umwelt Nr. 133. Bundesamt fur Umwelt, Wald 
und Landschaft (BUWAL), Bern 

Bauman, H.; Rydberg, T. (1994): A comparison of three methods 
for impact analysis and evaluation. J. Cleaner Prod. 2 (1), 13- 
20 


Int. J. LCA 3 (5) 1998 


299 




Evaluating Options in LCA 


LCA Methodology 


Bovy, M.; Wrisberg, N.M. (1994): Toward a Valuation Method 
for European Community Use. In: Udo de Haes, H.A.: Inte¬ 
grating Impact Assessment into LCA, 121-125. SETAC-Eu- 
rope, Brussels, Belgium 1994 

Cantor, R.; Lee, R. (1992): US-EC Fuel Cycle Study: Background 
document to the approach and issues. Oak Ridge National 
Laboratory, Tennessee, USA 

Consoli, F.; Allen, D.; Boustf.ad, I.; Fava, J.; Franklin, W.; Jensen, 
A.A.; De Oude, N.; Parrish, R.; Perriman, R.; Postlethwaitf., 
D.; Quay, B.; Seguin, J.; Vigon, B. (1993): Guidelines for Life 
Cycle Assessment. A ‘Code of Practice’. SETAC, Brussels, 
Belgium 

Craighill, A.L.; Powell, J.C. (1996): Life cycle assessment and 
economic evaluation of recycling: a case study. Resour. 
Conserv. Recycl. 17, 75-96 

Directoraat-Generaal Rijkswaterstaat (1997): Drie referen- 
tieniveaus voor normalisatie in LCA. The Netherlands 

EU (1995): ExternE, Externalities of Energy, vol. 2 Methodol¬ 
ogy, vol. 3 Coal and Lignite, vol. 4 Gas and Oil, vol. 5 Nu¬ 
clear. European Commission, DGXII, Brussels, Belgium 

EU (1996): Cost-Benefit Analysis of the Different Municipal Solid 
Waste Management Systems: Objectives and Instruments for 
the Year 2000. EUROPEAN COMMISSION, DGXII, Brus¬ 
sels, Belgium 

Fankhauser, S. (1994): Evaluating the Social costs of Greenhouse 
Gas Emissions. Global Environmental Change Working Pa¬ 
per 94-01. (CSERGE) Centre for Social and Economic Re¬ 
search on the Global Environment, University College Lon¬ 
don and University of East Anglia, England 

Goedkoop, M. (1995): The Ecoindicator 1995, Amersfoort, The 
Netherlands 

GuinEe, J.B. (1995): Development of a methodology for envi¬ 
ronmental life cycle assessment of products, Ph.D. Thesis, 
Leiden University, Leiden, The Netherlands 

Heijungs, R.; GuinEe, J.B. (1993): CML on actual versus poten¬ 
tial risks. SETAC Europe News (LCA news) 3 (4),6 

Heijungs, R.; GuinEe, J.B.; Huppes, J.; Lankreijer, R.M.; Udo De 
Haes, H.A.; Wegener Sleeswijk, A. (1992): Environmental life 
cycle assessment of products. Guide and Backgrounds. CML, 
Leiden University, Leiden, The Netherlands 

Heijungs, R.; Hofstetter, P. (1996): Definitions of Terms and 
Symbols. In: Udo de Haes, H.A.: Towards a Methodology for 
Life Cycle Assessment, 31-37. SETAC-Europe, Brussels, Bel¬ 
gium, 1996 

Hertwich, E.G.; Pease, W.S.; Koshland, C.P. (1997): Evaluating the 
environmental impact of products and production processes: a 
comparison of six methods. Sci. Total Envir. 196, 13-29 

Hormandiger, G. (1995): Fuel cells in transportation, unpub¬ 
lished MSc thesis, University of London, Imperial College of 
Science, Technology and Medicine, Centre for Environmen¬ 
tal Technology 


Huppf.s, G.; Sas, H.; De Haan, E.; Kuyper, J. (1997): Efficient 
environmental investments. SENSE International Workshop 
session: Environmental Analysis and Economics in Industrial 
Decision Making, Amsterdam, 20 February 1997, The Neth¬ 
erlands 

Klepper, O.; Van De Meent, D. (1997): Mapping the Potentially 
Affected Fractions (PAF) of species as an indicator of generic 
toxic stress. RIVM, The Netherlands 

International Organization For Standardization ISO/DIS 14040 
(1996). Environmental management - Life cycle assessment - 
Principles and framework, ISO/TC207/SC5 

Lee, R. (1996): Externalities studies: Why are the Numbers Dif¬ 
ferent? In Hohmeyer, O.; Ottinger, R.L.; Rennings K.: Social 
Costs and Sustainability. Springer, Berlin, Germany, 1996 

Lindeijer, E. (1996): Normalisation and Valuation. In: Udo de 
Haes, H.A.: Towards a Methodology for Life Cycle Assess¬ 
ment, 75-93. SETAC-Europe, Brussels, Belgium, 1996 

Mui.i.er-Wenk, R. (1994): The ecoscarcity method as a valua¬ 
tion instrument within the SETAC-framework. In: Udo de 
Haes H.A.: Integrating Impact Assessment into LCA, 115- 
120. SETAC-F.urope, Brussels, Belgium, 1994 

Murray, C.; Lopez, A. (1996): The Global Burdens of Desease, 
WHO, World Bank and Harvard School of Public Health, 
Boston, U.S. 

Nicoi.ktti, G.M.; Notarnicoi.a, B. (1998): Inventario del Ciclo 
di Vita del Pneumatico. ARS, in press 

Notarnicoi.a, B. (1996): II ciclo produttivo del pneumatico: flussi 
di materia e di energia. Riv. Merceol. 35 (4), 337-356 

Potting, J.; Blok, K. (1994): Spatial aspects of Life Cycle As¬ 
sessment. In: Udo de Haes H.A.: Integrating Impact Assess¬ 
ment into LCA, 91-98. SETAC-Europe, Brussels, Belgium, 
1994 

Steen, B.; Ryding, S.O. (1993): The EPS enviro-accounting 
method. AFR report 11. Swedish Waste Research Council, 
Stockholm 

Tukker, A. (1994): Review of quantitative valuation methods. 
In: Udo de Haes H.A.: Integrating Impact Assessment into 
LCA, 127-131. SETAC-Europe, Brussels, Belgium, 1994 

Volkwein, S.; Gihr, R.; Klopffer, W. (1996): The Valuation Step 
Within LCA, Part II: A Formalized Method of Prioritization 
by Expert Panels. Int. J. LCA 1 (4), 182-192 

Wrisberg, N.; Udo De Haes, H.A.; Clift, R.; Frischknecht, R.; 
Grisel, L.; Hofstetter, P.; Jensen, A.A.; Ljndfors, L.G.; 
Schmidt Bleek, F.; Stiller, H. (1997): A Strategic Research 
Programme for Life Cycle Assessment. Final Document for 
the Concerted Action LCANET. CML, Leiden, 9-6 1997, The 
Netherlands 


300 


Int. J. LCA 3 (5) 1998 



